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5 1 SPECIFICATION No. 1,405,301 

Page 4, line 14, for catalyst read catalytic 
j Page 4, line 3 1, after dicyclohexylcarbodiimide 

insert or 

j Page 4, line 36, for The read This 

10 \ Page 10, line 13, after chloromethyl insert iq 

methyl 

t Page 11, line 56, for at (second occurrence) 

\ read of 

j THE PATENT OFFICE 

, c 1 10th November, 1975 

ID nng m ine biruciurc auu umuun uwgiw., *,* , . 15 

been reported in the literature. For a review on prostaglandins and the definition of 
primary prostaglandins, see for example S. Bergstrom, Recent Progress in Hormone 
Research, 22, pp. 153—175 (1966) and Science, 157, page 382 (1967) by the same 
author. 

20 Prostaglandins are widely distributed in mammalian tissues and have been isolated 20. 

from natural sources in very small amounts. In addition, a number of the natural 
occurring prostaglandins have been prepared by chemical synthesis; note for example, 
/. Am. Clienu Soc, 91, page 5675 (1969); /. Am. Ctem. Soc., 92, page 2586 (1970) 
and/. Am. Chem. Soc., 93, pages 1489—1493 (1971) and references cited therein, 

25 W. P. Schneider et aL, /. Am. Chem. Soc, 90, page 5895 (1968); U. Axen et al., 25. 
Cliem. Commim., page 303 (1969) and W. P. Schneider, Chem. Commun., page 
304 (1969). 

Because of the remarkable range of biological and pharmacological properties 
exhibited by this family of compounds, a great deal of interest has focused upon 
30 such compounds, and the preparation of analogs of such compounds; accordingly, we 30 
have discovered processes and intermediates for preparing modified prostaglandins 
and derivatives thereof. 

The novel prostaglandin derivatives of the present invention can be represented 
by the following formulas: _ . ,~ irr; rVPD 
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In pursuance of Section 8 of the Patents Act, 1949, the Specification has been amended in the following 
manner:- 

Page 2, line 12, page 19, line 16, after linkage; insert provided that at least one of Z and Z 1 is a carbon- 
carbon double bond when R 1 , R 2 and R 3 (if present) are all hydroxy; 

Page 17, line 7, delete \3-trans- insert 1 1,13-rrans-trienoic 

Page 1 7, line 8, delete dienoic 

Page 17, lines 17 and 19, delete 13-trans-enoic insert 11,13-fra/z^dienoic 

Page 17, lines 21 and 22, delete compounds are respectively insert compound is 

Page 17, delete lines 23 and 24 

Page 18, line 48, delete products of Example 22 as 

Page 18, lines 48 and 49, page 19, line 2, delete respectively 

Page 19, delete lines 22, 23, 35 and 36 

Page 19,/br claims 5, 6, 7, 8, 9, 10, 12, 13 and 14 read 4, 5, 6, 7, 8, 9, 10, 11 and 12 

Page 20,/or claims 15 and 16 read 13 and 14 

Page 21,/or claims 17, 18, 19 and 20 read 15, 16, 17 and 18 

Page 21, line 2,delete \6insert 14 

Page 21, line 5, delete 16 or Claim 18 insert 14 or Claim 16 

Page 21, line 7, delete 15, 17 and 19 insert 13, 15 and 17 

PATENTS ACT 1949 
SPECIFICATION NO 1405301 
Slip No. 2 

The following corrections were allowed under Section 76 on 17th November 1975. 
Page 8, line 3, formula 6 for existing formula read 
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(54) MODIFIED PROSTAGLANDINS 

(71) We, SYNTEX CORPORATION, a Panamanian Corporation of 

Apartado Postal 7386, Panama, Panama, do hereby declare the invention, for which 
we pray that a patent may be granted to us, and the method by which it is to be 
performed, to be particularly described in and by the following statement: — 

5 The present invention relates to certain novel prostaglandin derivatives, to a 5 

process for the production thereof and pharmaceutical compositions containing them. 

In a further aspect, the present invention relates to the novel 10a-hydroxy-ll- 
deoxy prostaglandin derivatives of the PGE l5 PGEa, PGF ltt and PGF 2 « series, the 
corresponding 9,10-ketals in the PGF series, as well as the 11,12-didehydro derivatives 
10 thereof, and the corresponding pharmaceutically acceptable, non-toxic esters, ethers 10. 
and salts. 

Prostaglandins are members of a new hormonal system with a remarkable range 
of biological and pharmaceutical properties. These compounds belong to a group 
of chemically related 20-carbon chain hydroxy fatty acids containing a five membered 
15 ring in the structure and different degrees of unsaturation, a member of which have 15 
been reported in the literature. For a review on prostaglandins and the definition of 
primary prostaglandins, see for example S. Bergstrom, Recent Progress in Hormone 
Research, 22, pp. 153—175 (1966) and Science, 157, page 382 (1967) by the same 
author. 

20 Prostaglandins are widely distributed in mammalian tissues and have been isolated 20. 

from natural sources in very small amounts. In addition, a number of the natural 
occurring prostaglandins have been prepared by chemical synthesis; note for example, 
/. Am. CJtem. Soc, 91, page 5675 (1969); /. Am. Cl&m. Soc, 92, page 2586 (1970) 
and /. Am. Ckem. Soc., 93, pages 1489—1493 (1971) and references cited therein, 

25 W. P. Schneider et al., /. Am. Chem. Soc, 90, page 5895 (1968); U. Axen et al, 25. 
Chem. Commun., page 303 (1969) and W. P. Schneider, Chem. Commtm., page 
304 (1969). 

Because of the remarkable range of biological and pharmacological properties 
exhibited by this family of compounds, a great deal of interest has focused upon 
30 such compounds, and the preparation of analogs of such compounds; accordingly, we 30^ 
have discovered processes and intermediates for preparing modified prostaglandins 
and derivatives thereof. 

The novel prostaglandin derivatives of the present invention can be represented 
by the Mowing formulas: SJIR^A SuP *77£CS3} 
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saturate UMm aS' 5? I »Pr="K a m carbon-carbor. double bond or a 

C-1M4 is in ft£r c^g^T ' m as con %™ion and the double bond at 

tion. 316 ^mpassed within the scope of the present inven- 

ts tffeJSySyS ^i2^ n S« the following mean- 

30 cycloalkyl" riSSfi .tSMS terms "lower alkyl" and" "lower 

tainmg up to six carbo? ?££ faStfTlS? Si OT *"* ^ 30 
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tical aA whSTdo «JmSS5S5%£*5^ 3? ° 7ed * t P ha ^- 
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scope of the term and the present invention are acetate, propionate, butyrate, valerate, 
caproate, enanthate, capryiate, pelargonate, acrylate, undecenoate, phenoxyacetate, 
benzoate, phenylacetate, diphenylacetate, diethylacetate, trimethylacetate t-butyl- 
acetate, trimethylhexanoate, methylneopentylacetate, cyclohexylacetate, cyclopentyl- 

5 propionate, adamantoate, glycolate, methoxyacetate, heraisuccinate, hemiadipate, hemi- 5 
/J^-dimethylglutarate, acetoxyacetate, 2-chloro4-nitrobenzoate, aminoacetate, di- 
e&ylaminoacetate, piperidinoacetate, /?-chloropropionate, trichloroacetate, j8-chloro- 
butyrate, bicyclo - [222] - octane - 1 - carboxylase and 4 - methylbicyclo - [222] - 
oct-2-ene - 1 - caiboxylate. The preferred conventional hydrolyzable ester is acetate. 

10 Conventional hydrolyzable ethers include the methyl, ethyl, cyclopentyl, tetra- io 

hydrofuran-2-yl, tetrahydropyran-2-yl, and 4-methoxytetrahydropyran-4-yl ethers. 

The salts are derived from pharmaceutically acceptable basic salts, including 
metal salts such as sodium, potassium, calcium, magnesium and aluminium, as well 
as organic amine salts such as ammonium, triethylamine, 2-dimemykminoethanol, 2- 

15 diethylaminoethanol, lysine, aiginine, caffeine, procaine, N-ethylpiperidine and 15 
hydrabamine. The term pharmaceutically acceptable refers to salts which do not 
significantly adversely affect the properties of the parent compound. 

The novel prostaglandin derivatives of the PGE 2 and PGF 2a series of the inven- 
tion can be obtained by the following schematically illustrated process sequence: 




1,405,301 



THPO 
(XII) 




COOH 



COOfj 



10 



15 



20 



25 



30 



35 



40 



is 9 SSLw is ,. acetyl or ° ther conventional hydrolyzable acyl group- OR= 
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ethane as solvent. This reaction is believed to occur vim the corresponding saturated 
monoacetoxy aldehyde having the aldehyde group in a configuration, which then 
spontaneously isomerizes into a compound V (the compound with the more stable 
configuration). 

5 Step 3a can be effected by reacting the crude diacetoxy aldehyde of formula III 5 

with a Wittig reagent, having a 2-oxoheptyl radical, for example with the sodium 
anion of dimethyl 2-oxoheptylphosphonate in dimethoxyethane, yielding a mixture 
of the trans enone and dienone lactones of formulas VI and VII, respectively, which 
can be separated by conventional techniques. This transformation involves a modified 

10 Wittig reaction. Procedures for the Wittig reaction are well known in the art, see 10 
for example, S. Trippet et al, Adv. in Organic Chemistry, Vol. 1, pp. 83—102, S. 
Trippet, Quarterly Reviews, Vol. 17, pp. 400 — 440. The sodium anion of dimethyl 
2-oxoheptylphosphonate can be prepared in accordance with the method described 
by E. J. Corey et al, /. Am. Chan. Soc, 88, 5654 (1966). The reaction is conducted 

15 under an inert atmosphere, i.e. under nitrogen or argon atmosphere, at temperatures 15 
between 0° and 40°C, preferably at room temperature or below, using at least one 
molar equivalent of the reagent per mol of aldehyde, and preferably 1.2 to 2 moles. 
This reaction is carried out for a period of from one to four hours, depending on 
the temperature and concentration of the reaction mixture. In the preferred condi- 

20 tions, the reaction is conducted at room temperature for two hours or less, as longer 20 
reaction times give rise to more elimination products. The reaction product can be 
recovered from the reaction mixture by neutralization of the excess base with acetic 
add to pH 7, followed by evaporation of the solvent under high vacuum, at low 
temperature, or by adding water and extracting the reaction product with an adequate 

25 solvent immiscible with water, e.g. methylene chloride and diethyl ether, followed by 25 
evaporation of the solvent. Compounds VI and VII can be separated by conventional 
techniques, such as chromatography on silica gel or thin-layer chromatography. 

In step 4b the above-described alkylation reaction is performed in the same 
manner using the saturated aldehyde of formula V vielding the enone lactone of 

30 formula VIII. 30 
The dienone lactone of formula VII and the enone lactone of formula VIII 
can be conveniently selectively reduced (steps 4a and 4b', respectively) with a solu- 
tion of zinc borohydride in an ether solvent such as dimethoxyethane, to yield a mix- 
ture of the 15<r-hydroxy lactones and their 15ft epimers (R and S isomers, ratio ca 

35 1:1) compounds of formula IX (R B =acetyl, 2=single or double bond). The reaction 35 
is typically conducted at room temperature or below for from 15 minutes to several 
hours. The zinc borohydride reagent solution can be prepared from freshly fused zinc 
chloride and sodium borohydride in dimethoxyethane. Typically an excess of the re- 
agent is used for this reduction. 

40 The epimeric 15a and 15ft hydroxy compounds can be separated by conventional 40 

chromatography on silica gel or by thin-layer chromatography. In addition, the 15/?- 
epimer byproduct can be converted into the starting compounds of formulas VII 
or VIII by well known methods for the obtention of ^^unsaturated ketones from 
allylic alcohols such as, for example, by reaction with manganese dioxide in methylene 

45 chloride or chloroform or with 2,3-a^chloro-5,6-dcyano-l,4-benzoquinone in dioxane. 45 
Alternatively, this reduction can be carried out via treatment with a borohydride 
ion (conveniently prepared by reaction of a trialkylborane derived from either racemic 
or (-l-)-limonene, hexylborane and t-butyl lithium, in the presence of hexamethyl- 
phosphoramide at -130°C to -100°C, and preferably -120°Q. In this case the 

50 15or-alcohol predominates, obtaining only small amounts of the 15jff-epinier. 50 
The 15«-hydroxy compounds of formula IX (R*=acetyl) can then be saponified 
under alkaline conditions using an alkali metal hydroxide or carbonate in a lower 
aliphatic alcohol, to produce the corresponding free compound (IX, R*=hydrogen). 
Preferably, this hydrolysis step is conducted using anhydrous potassium carbonate and 

55 conducting the reaction at room temperature or below, for 30 minutes to two hours. 55 
The 10*,15<r-dihydroxy compounds can be etherified (step 5) with dihydropyran 
m methylene chloride, in the presence of catalytic amounts of an acid catalyst, e.g. 
p-toluenesulfonic acid, under anhydrous conditions, to produce the bistetrahydro- 
pyranyloxy derivatives of formula X. The reaction is typically conducted at room 

60 temperature for about 15 minutes using about 3 molar equivalents of dihydropyran 60 
in an inert organic solvent, e.g. methylene chloride. A larger excess of dihydropyran, 
or longer reaction periods are undesirable as they produce polymerization of this re- 
agent. 

The product can be conveniently isolated by adding a few drops of pyridine 
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to the product reaction mixture followed by conventional extraction and evaporation 
or the organic extract, at low temperature. 

In step 6, the bistetrahydropyranyloxy-lactones of formula X are reduced to the 
corresponding isomeric lactols of formula XI. This can be conveniently effected via 
5 treatment with 1.1 to 3 molar equivalents of diisobutylaluinimum hydride in a suit- 
able organic solvent. The treatment is typically conducted at from — 30°C to -70°C, 
preferably at about -60°C, for a period of from 10 to 30 minutes, preferably using 
about 2 molar equivalents of diisobuiylaluminium hydride per mole equivalent of the 

in S!? P0U ^ 0f formula X - Suitable 0I S^ C solvent s for this reaction are the aromatic 
lu Hydrocarbons such as toluene or xylene. 

The product can be isolated from the reaction mixture by conventional separa- 
tion procedures and can be used for the next step without separation of the isomers. 

, P V t c ?? bs «n?enienily effected by condensation of the crude lactols of 
formula XI with a Wittig reagent derived from 5-triphenylphosphoniopentanoic acid 
ana sodium methylsulfinyl carbanion in dimethyl sulfoxide solution. This condensation 15 
yields the corresponding compounds of formula XII, namely 9a - hydroxy - 10u- ,15a - 

£S£2£a BBBn - ■ 5 - - tL - trienoic acid ( 10 15 - 

^tetrahydropyran - 2' - yl ether of 10* - hydroxy - 11 - deoxy - 11,12 - didehydro - 
rw s J, (XII, Z=double bond) or 9a- - hydroxy - 10a,15<r - (bistetrahydropyran - 

vl ^fite 8 * I i " asA t " dienoic acid ( 10 > 15 - Wstetrahydropyrai - 2' - 20 
yl ether of 10« - hydroxy - 11 - deoxy - PGF^, (XII, Z=saturated linkage). 
fn J™ action K Really conducted at about room temperature for from two 
IwJi i. " anh y drous , conditions. Conveniently the reaction is followed by 
thm-layer chromatography and discontinued when substantially completed. This re- 

SS^E*^ y -T i£d T U ? de \ an inert aa «°s?:^re, i.e. under argon or nitrogen 25 
atmosphere, ihe initial product is obtained as the sodium salt soluble in water. The 
'*™ 1 ca "« liberated by acidification with oxalic acid or another weak add to 
Pn 2, followed by conventional extraction and evaporation. The prostaglandin deriva- 
nve is further punhcd by thin-layer chromatography. * 3 

rro P n^M 5 ;" 1P i :e ^ lp ^^ h0ni ^ Cntail0ic acid ca " bc P re P arcd as described by R. 30 
STrrl u" u- 1 9-S- Che^., 28, 1128 (19(53), from 5-bromopentanoic acid 
and tnphenylphosphme in acetonitnle. The sodium methylsulfinyl carbanion is ob- 
^sodimn hydride and dimethyl sulfoxide, stirring the mimre at about 

35 JLLVt ?* y° l Tl 0i SSS - CeaS£ ?- Genera11 ^ il is "commended to prepare tteS 

» reagents just prior to the reaction with the lactols of formula 35 

Typically a molar excess of reagents is used relative to tl«» et-r.-in^ 

(formula XI). Preferably the triphenylphosphon^n^ 
varying from two to 5.0 moles per mole of starting lactol (formma XJ) wS the 
amounts of sodium methylsulfinyl carbanion vary between two to ten K Be£ 
40 results are obtamed using 2.5 molar equivalents of the acid reagent and £e mo£ 40 
eqmvalents of tlie anion per mole of lactol (formula XI) 40 

The tetrahydropyranyloxy functions in compounds of formula XII can he W5m 
lyzed (step 8a) under mild acidic conditions, 4 using a wSfc add s^di as attic 
acid, oxahc add, and tartaric add in the presence of wale? to produce the fee 
45 hydroxy compounds of formula XIII, i.e. 10a - hydroxy - 11 - d^ 11 % inf 
hydro - PGFa, XIII Z=double bond) or 10. - hydroxy - - £* - PGR *(4m" 
Z=saturated linkage). The bistetrahydropyranyloxy compound ifprefei4h disSved 
m an mert organic solvent misdble with wWr? e.gftetrahydro^n 2d SSfrS 
hydrolysis is preferably conducted using aqueous acetic add at a rcmner,t n-f 

perature used. The preferred concentration of aqueous acetic add is 65-35 v^ 50 
however, other concentrations are also practical ' ' 

fotmu^av, namely 9 - oxo - V^^Sig^^^l^S^ 
60 Z=saturaied Kane) can be l3S ^o^^-^ 01 ? **L (XIV, 
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in the presence of an add catalyst, preferably using p-toluenesulfonic acid as catalyst 
produces the corresponding ketal of formula XVI. In this reaction the ketone used can 
serve as both reagent and solvent, or alternatively the reaction can be carried out in 
the presence of a cosolvent. Examples of suitable ketones used are acetone, methyl- 

5 ethyl ketone, diethyl ketone, acetophenone and cyclohexanone. The reaction is pre- 5 
ferably conducted in the presence of an organic solvent inert to the reaction, such 
as tetrahydrofuran, dioxane or 2,2-dimethoxypropane, at room temperature for from 
one to five hours. The ketal is isolated by adding a few drops of pyridine to the 
reaction mixture, followed by evaporation to dryness and purification by conventional 

10 techniques. 10 
The PGEi and PGF la series of compounds of formula A and B, of the inven- 
tion, can be conveniently prepared by selectively reducing the C-5(6>cis-olefin bond 
of the corresponding PGE- or PGEc a series of derivatives of formulas A and B, of 
the invention, according to the same procedure as described by Koch et al in the 

15 Journal of Labelled Compounds, Vol. VI, No. 4, page 395 (October-December, 1970) 15 
with respect to the reduction of PGE 2 prostaglandins to VGE X prostaglandins. 

The hydroxy groups in the novel prostaglandin derivatives of formulas XII, 
XIII, XV and XVT can be esterified or etherified in a conventional manner to pro- 
duce mono-, di-, or triestcrs or mono-, di-, or triethers, depending upon the particular 

20 prostaglandin derivative. For example, esterification can be accomplished by reac- 20 
tion of the hydroxylated compound with a carboxylic acid anhydride or chloride of 
less than 12 carbon atoms in pyridine solution. 

Etherification can also be carried out by conventional techniques. Thus, reaction 
with dihydropyran, dihydrofuran or 4-methoxy-5,6-dihydro-2H-pyran in an inert 

25 solvent such as benzene or methylene chloride and in the presence of an acid catalyst 25 
produces the tetrahydropyran-2'-yIoxy, tetrdiydroiuran-2'-yloxy or 4'-methoxy-tetra- 
hydropyran-4'-yloxy derivatives, respectively. Methyl, ethyl and cydopentyi ethers, for 
example, are prepared upon reaction ct the hydroxylated compound with sodium 
hydride and methyl iodide; ethyl iodide and cydopentyi bromide, respectively. 

30 Although the esterification or etherification reactions are usually effected using 30 

an excess of the esterifying or etherifymg agents, it is preferable to use at least one 
molar equivalent of said reagents per hydroxy! group present in the starting com- 
pound. 

The salts of the prostadienoic and prostatrienoic acids of the present invention 
35 can be prepared by treating the corresponding free acids with about one molar equiva- 35 
lent of a phannaceutically acceptable base. Representative pharmaceutical^ acceptable 
bases are sodium hydroxide, potassium hydroxide, ammonium hydroxide, calcium 
hydroxide, trimctivylamine, triethylamme, tripropylamine, ^(dimcdiylamino)cthanol, 
£-(diethylaim"no)ethanol, arginine, lysine, caffeine and procaine. The reaction is con- 
40 ducted in an aqueous solution, alone or in combination with an inert water miscible 40 
organic solvent, at a temperature of from 0°C to 30°C, preferably at room tempera- 
ture. Typical inert, water miscible organic solvents include methanol, ethanol, iso- 
propanol, butanol, dioxane and tetrahydrofuran. When divalent metal salts are pre- 
pared, such as the calcium salts or magnesium salts, the free add starting material is 
45 treated with at least one half molar equivalent of the phannaceutically acceptable 45 
base. 

The alkyl esters can be obtained by treatment of the free acid with an excess 
of a diazoalkane such as diazomethane, diazoethane or diazopropane in ether or 
methylene chloride solution, in a conventional manner. 

50 t In conducting the aforedescribed process, it is generally preferred to separate 50 

or isolate the respective products of each reaction step prior to their use as starring 
materials in subsequent steps. Illustrative non-limiting separation and isolation proce- 
dures can be had by reference to the appropriate Examples set forth herein below. 
Also where pure optical isomer products are desired, such products can be obtained 

55 by the use of pure optical isomer starting materials or by resolution of the racemic 55 
product (or starting materials) according to conventional procedures such as, for 
example, described by Corey et al., /. Am. Chem. Soc, 92, 397 (1970). 

Also although the above processes, for purposes of simplicity have been des- 
cribed with respect to tetrahydropyranyl and acetate protecting groups, other conven- 

60 tional suitable ether and ester protecting groups could, of course, also be used. 60 
The compounds of formula I used as starting materials in the above described 
process are prepared in accordance with the methods described, for example, by E. 
J. Corey et al., in /. Am. Cliem. Soc, 91, 5675 (1969); /. Am. Chem. Soc, 92, 1397 
(1970); /. Am. CJiem. Soc, 93, pages 1489, 1490 and 1491 (1971) and references 

65 cited therein, followed by deiodination with silver acetate, as described in patent 65 
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The compounds, esters and salts of the invention exhibit prostaglandin-like bio- 
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logical activities and thus are useful in the treatment of mammals where the use of 
prostaglandins are indicated. The compounds, esters and salts of die invention are 
bronchodilators and thus are useful in treating mammals for bronchial spasm or 
wherever strong bronchodilators are indicated. These compounds arc also useful in 

5 controlling or palliating hypertension in mammals and further exhibit central nervous 5 
system depressant activity in mammals, and are useful as sedatives. In addition, the 
compounds are useful for inducing labor, in pregnancy, and for inducing menses to 
correct or reduce menstrual abnormalities. 

The compounds and/or salts, of the invention, can be administered in a wide 

10 variety of dosage forms, either alone or in combination with other pharmaceutically 10 
compatible medicaments, in the form of pharmaceutical compositions suited for oral 
or parenteral administration or inhalation in the case of bronchodilators. The com- 
pounds are typically administered as pharmaceutical compositions consisting essentially 
of the compounds and/or salts, of the invention, and a pharmaceutical carrier. The 

15 pharmaceutical carrier can be either a solid material, liquid or aerosol, in which the^ 15 
compound and/or salt is dissolved, dispersed or suspended, and can optionally con-* 
tain small amounts of preservatives and/or pH-buffering agents. Suitable preserva- 
tives which can be used include, for example, benzyl alcohol. Suitable buffering agents 
include, for example, sodium acetate and pharmaceutical phosphate salt. 

20 The liquid compositions can, for example, be in the form of solutions, emul- 20 

sions, suspensions, syrups, or elixirs. The solid compositions can take the form of 
tablets, powders, capsules or pills, preferably in unit dosage forms for simple adminis- 
tration or precise dosages. Suitable solid carriers include, for example, pharmaceutical 
grades of starch, lactose, sodium saccharin, talcum and sodium bisulfite. 

25 For inhalation administration, the compounds and/or salts can, for example, be 25 

administered as an aerosol comprising the compounds or salts in an inert propellant 
together with a cosolycnt (e.g. ethanol) together with optional preservatives and 
buffering agents. Additional general information concerning the inhalation administra- 
tion of aerosols can be had by reference to U.S. Pacenrs 2,868,691 and 3,095,355. 

30 The compounds of this invention are typically administered in dosages of from 30 

0.1 to 10 mg. per kg. of body weight. The precise effective dosage will, of course, 
vary depending upon the mode of administration, condition being treated and host. 

The following Examples illustrate the invention, but are not intended to limit 
its scope. Also unless expressly stated to the contrary, racemic mixtures are used as 

35 starting materials, and correspondingly, racemic mixtures are obtained as products. 35 
The abbreviation tic. refers to thin-layer chromatography and all mixture ratios used 
with regard to liquids refer to volume ratios. Also, where necessary, Preparations and 
Examples are repeated to provide sufficient starting material for subsequent Examples. 
Examples 1 to 8 and 13 to 19 illustrate the preparation of intermediates. 

40 PREPARATION 1 40 

A. To a stirred solution of 125 g. of thallous sulfate and 50 g. of potassium 
hydroxide in 750 ml. of water are added, under an atmosphere of argon, 43 ml. of 
freshly distilled cyclopentadiene and the mixture is vigorously stirred for ten minutes; 
the yellow precipitate formed is filtered off, washed with ice water, methanol and 

45 ether, to yield 132 g. of cyclopentadienylthallium. 45 

B. A mixture of 216.28 g. of benzyl alcohol, 61.44 g. of paraformaldehyde, 481.6 
g of anhydrous magnesium sulfate and 1200 ml. of methylene chloride is cooled 
to a temperature of between -50° to -55° C in a dry ice-acetonirrile bath, and the 
stirred cold solution is saturated with anhydrous hydrogen chloride gas. The re- 

50 action mixture is kept at —50° to — 55 °C for ten minutes further, and then the 50 
excess of hydrogen chloride is eliminated by passing a stream of nitrogen during 30 
minutes. The reaction mixture is filtered and the solid material washed well with 
pentane, and the combined filtrates are evaporated to dryness at a temperature below 
30°C, to produce an oil which is distilled under reduced pressure to yield chloro- 

55 methyl benzyl ether. " 55 

C. A suspension of 132 g. of cyclopentadienyl thallium in 200 ml. of anhydrous 
ether is cooled to — 20°C in a dry ice-carbon tetrachloride bath. To the cooled mix- 
ture are added under stirring and under an argon atmosphere, in a 15 minutes period, 
90 g. of chloromethyl benzyl ether. The reaction mixture is stirred for 3 1/2 hours 

60 at -20°C, it is then filtered in a filtration flask previously cooled to — 78°C and 60 
the solid precipitate washed with cold pentane (— 78°C). 

The filtered solution is immediately added to a mixture of 216 g. of anhydrous 
ct-chloroacrylonitrile and 30 g. of anhydrous cupric fluoroborate, previously cooled 
to — 73 °C The reaction mixture is evaporated to half its original volume at a tern- 
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pmtoe not higher than 0°C, and the concentrate is stirred at O'C for 48 hours. The 
™H « " ? m ? to 200 ml of saturatcd sod ^ chloride solution 

*S K* rC K tmeS ^ Cth f - The combined extract * are washed with satur- 

5 SS» S 50 ^ soluuon (2x20 ° mL > ** saturated sodium chlorid ^ *>lu- 

in t ,, • , . PREPARATION 2 

«*, J° 3 ^' Stlrred J sIurr y of 741 of cyclopentadienylthallium in 100 ml of 10 
SS^SE T 1 ?*? T 20 ° t0 - 22 " 0 (-^^ temperature) to a dry i«- 
SkTe 2m ™?, b3th 10 atraos P here > «* add «l aropwise, in a?5 

o t addlt i on £ ^P 1 ^ me mixture is stirred at 0°C in the dark for 
and th^rS^S °i "ST" 1 sodium cWoride soluti^ AenTddS 20 

ShS v££ ^^f^- 6 ^^ ether - The «ha extracts ate successively 
SwnT? % turated sodlum . bicarbonate (2x 100 ml.) and sodium chloride (2X 100 
^ a^omT P r P Sn ^ IUm ■"^ Evaporation of the solvent under SoVcS 
25 ?S>he° r ^ 25 

n , . PREPARATION 3 

S o - (2,.,, . hept -2.L a ^WLiSiSaSSSS: 

40 ™ - , , PREPARATION 4 

45 furthef^d dSSeTwith nXytaJ PcS^fe Te"^ k **** ^ hours 
55 t. . • • , „ WtEPAHATION 5 

60 sarffis^xnaSSiSSti • 
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immediately treated with a solution of 188.1 g. of iodine and 369 g. of potassium 
iodide in 275 ml. of water. The reaction mixture is stirred for 48 hours at 0°C and 
diluted with sodium sulfite solution until complete decoloration. It is then saturated 
with sodium potassium tartrate and extracted with methylene chloride. The organic 
5 extracts are dried over magnesium sulfate and evaporated to dryness under reduced 5 
pressure. The oily residue is crystallized from ether-methylene chloride, to yield the 
pure (2 / a > 4Vdiydroxy-3 / ^-iodo-5 / 1 j5-ben2yloxymethylcydopenN acid 
■/-lactone. 

By the same procedure, 2 - oxa - 3 - oxo - 8 - syn - methoxymethylbicyclo - 
10 (32.1) - oct - 5 - ene is converted into (2'<r,4'« - dihydroxy - 3'fi - iodo - 5'£ - 10 
methoxymethylcyclopent - Va - yl)- acetic acid y-lactone. 

PREPARATION 6 

A mixture of 25 g. of 2'*,4'a - dihydroxy - 3'0 - iodo - 5'j8 - benzyloxy- 
methylcyclopent - l'a-yl) - acetic acid y-lactone, 2.5 ml. of pyridine and 5 ml. of 
15 acetic anhydride is kept at room temperature for 30 minutes. The solvents are then 15 
evaporated under reduced pressure, and the residue crystallized from ether, to yield 
(2'a - hydroxy - 4'« - acetoxy - 3'p - iodo - 5'jff - benzyloxymethylcyclopent - 
yl) - acetic acid y-lactone. 

In a similar manner (2 , o,4 / a - dihydroxy - 3'J3 - iodo - 5'fi - methoxymethyl- 
20 cyclopent-1'a-yl)- acetic acid y-lactone is converted into the corresponding 4'- 20 
acetoxy derivative. 

PREPARATION 7 

To a solution of 2 g. of (2'a - hydroxy - 4'« - acetoxy - 3'j8 - iodo - 5\8 - 
benzyloxymethylcyclopent - Va - yl) - acetic acid 7-lactone in 20 ml of acetic acid 

25 are added 1.4 ml. of water and 2 g. of silver acetate^ and the mixture is refiuxed for 25 
two hours. The silver iodide is separated by filtration and washed several times with 
ethyl acetate. The combined organic filtrates are evaporated to dryness under reduced 
pressure, the residue is diluted with ethyl acetate and the insoluble material filtered 
off. Upon evaporation of the filtrate under vacuo there is produced a mixture of 

30 (2'« ? 3 - dihydro7;y - 4'a - acetoxy - 5'/? - benzyloxymethylcyclopent - Va - yl) - 30 
acetic acid y-lactone and (2'«,4'a - dihydroxy - 3'« - acetoxy - - benzyloxy- 
methylcyclopent - Va - yl) - acetic acid y-lactone as an oil, which is converted into 
(2'a - hydroxy - 3'a,4'« - diacetoxy- 57? - benzyloxymethylcyclopent - Va - yl)- 
acetic acid y-lactone by esterification with acetic anhydride in pyridine in accordance 

3d with the method of Preparation 6. ' ~~ 35 

In a similar manner but using (2'a - hydroxy - A'a - acetoxy - 3'/? - iodo - 
5'ft - methoxymethylcyclopent - Va - yl)- acetic acid y-lactone as starting material 
there is obtained (2'« - hydroxy - 3'«,4'« - diacetoxy - 5'j8 - methoxymethylcyclo- 
pent - 1 'a - yl) - acetic acid y-lactone. 

40 EXAMPLE 1 40 

A. To a prehydrogenated suspension of 1 g. of 10% palladium charcoal catalyst 
in 50 ml. of dimethoxyethane are added 5 g. of (2'a - hydroxy - 3^,4'a - diacetoxy - 
- benzyloxymethylcyclopent - Va - yl) - acetic acid y-lactone and 1.25 ml. of 
perchloric acid, and the mixture is stirred under hydrogen atmosphere until the 

45 absorption of hydrogen ceases. The catalyst is then separated by filtration and washed 45 
with ether, and die combined organic filtrates are evaporated to dryness under reduced 
pressure, to yield (2'a - hydroxy - 3'a,4'« - diacetoxy - 5'/? - hydroxymethylcyclo- 
pent - l'^-yl) - acetic acid y-lactone which is purified by thin-layer chromatography 
using methylene chloride-ethyl acetate (9:1) as eluant 

50 B. A stirred solution of 15 g. of (2'a - hydroxy - Va,¥a - diacetoxy - 5',B - 50 

methoxymethylcyclopent - Va - yl) - acetic acid y - lactone in 190 ml. of anhydrous 
methylene chloride is cooled to -78°C in a dry ice-acetone bath and treated with 
25 ml. of boron tribromide. The stirred mixture is allowed to warm rapidly to 0°C 
and kept at this temperature for 50 minutes. To the resultant solution are then added 

55 270 ml. of ether to decompose excess boron tribromide maintaining the reaction mix- 55 
ture at 0°C. It is then poured into a vigorously stirred slurry at 95 g. of sodium 
bicarbonate in 500 ml. of a saturated solution of sodium potassium tartrate; the 
organic layer is separated and the aqueous phase extracted with methylene chloride. 
The combined organic extracts are dried over magnesium sulfate and evaporated to 

60 dryness under reduced pressure, to afford (2'a - hydroxy - 3 'a, 4'a - diacetoxy - 60 
5'fl - hydroxymethylcyclopent - Va - yl) - acetic acid y-lactone, identical to the 
obtained m part A. 
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. _ . EXAMPLE 2 

i a "Ration of chromium trioxide-dipyridinc complex. To 600 ml of an- 
hydrous pyridine are added under stirring at a temperature of between 10' nd 5°C 

SiCWS 15 S?S£Sf« Thc soM is washed 

and !i IV S^Z^SL 8 ^ ^!? ma( ^ us ««* (<Wed for 24 hours at 105°C) 
meftvlffle^MnriS. tr^edipyndine complex in 120 ml. of anhydrous 

hSSf vEP* ^° led t0 "Z, 50 316 added mder stirring 1.3 g. of - 
v^ton; Itf * * d 5 a ° a0 ^ ' ? * * hydroxymethylcyclopent ■ 1^ - yl) - acetic acid 
PMtaM -KoW te ? ^ ut <^ Staling t£ tern 
added and rh^:^ - d 40 8 " of sodlum monohydrate are then 

nWel™ ™ frred for an additional ten minute period, filtered through 

SET. S" tf 2$ methyl£De ^ride/Svmgle 

are evaoorated m _< ? C S 3 ^ lce - acetone bath. The combined filtrates 
oSaffiS°3Sf tod2£* v d !/ P^T^ at a ^Perature below 0°C, 

a„ . EXAMPLE 3 20 

t.onai minute^ a solution of 38 ml. of methyl caproate dissolved in i<?7 ml ^r, 
Mrofuran is then carefully added., maincaininl £ S^f-tc? 

maWes um SlfoS rt S/^* " se P arated > washed water and dried ove 

pentane/u^der'rS'in 3°0 ml' rfV' ? ^ ^ wasfced ™th 

alun^iuiTSyaridf is added ^rlfr^* 0 ^ 3 ^ freshly distil,ed from 

50 rp *• j t • EXAMPLE 4 

dryness under vacuo at a ?!5fcS?bC SSTWfft ^ ^ 0rated » 
acetoxy - 5'jS - (3"« - hydroxVoct - l"ffi-en-l" v1W?J * ' h # rMy " 3 «" 
yl] -age acid y - hc^TKi.ture SthV S^-iSSta^ " " ' 

This oily mixture is separated into the individual isomer? k * u 
graphy using a inkture of methylene chloridtaSne m 25) SdSn? Chr ° mat °- 
The anc borohydnde reagent is prepared from O.O2V: i£? ofluslXc chloride, 
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0.050 mol of sodium borohydride in 50 ml. of diraethoxyethane, stirring the mixture 
for 16 hours and filtering the insoluble material under argon atmosphere. 

EXAMPLE 5 

A solution of 2.8 g. of [2'« - hydroxy - 3'« - acetoxy - - (3"<v - hydroxy- 
oct-l"(t)-en-l"-yl) - cyclopcnt - 4' - en - 1' - yl] - acetic acid y- lactone in 5 
45 ml. of methanol is treated with 1.255 g. of anhydrous potassium carbonate, and 
the reaction mixture stirred for one hour at room temperature. It is then cooled 
to 0°C and neutralized with 10% aqueous hydrochloric acid, until a pH of 2 to 
3 is obtained. Ethyl acetate is added and the organic solution washed with water to 
neutral, dried over magnesium sulfate and evaporated to dryness under vacuo, to 10 
yield 500 mg. of [2'*,3'* - dihydroxy - 5'0 - (3"a-hydroxyoct - l"(t)-en-l"- 
yl) - cyclopent - 4' - en - 1' - yl] - acetic acid y - lactone which can be purified by 
thin-layer chromatography. 

EXAMPLE 6 

15 To a solution of 1.4 g. of [2'« - hydroxy - 3'<r - acetoxy - - (3"fi - hydroxy- 15 

oct - l"(t) - en - 1" - yl) - cyclopent - 4' - en - 1'* - yl] - acetic acid y - lactone in 
85 ml. of anhydrous tetrahydrofuran are added 3.2 g. of manganese dioxide, and 
the reaction mixture is stirred for 30 minutes at room temperature; 3.2 g. portions 
of manganese dioxide are added at 30 minute intervals, repeating this operation for 

20 seven times. The manganese dioxide is separated by filtration, washing carefully this 20 
solid material with hot acetone. The combined organic filtrates are evaporated to 
dryness under reduced pressure, and the residue is purified by thin-layer chromato- 
graphy obtaining the pure (2'« - hydroxy - Va - acetoxy - 5'fi - (3" - oxo - oct - 
l"(t) - en - 1" - yl) - cyclopent - 4' - en - l'« - yl) - acetic acid y - lactone, identical 

25 to the product obtained in Example 3. 25 

EXAMPLE 7 

To a solution of 2 g. of [2'«,3'<* - dihydroxy - 5\8 - (3"a - hydroxyoct - l"(t) - 
en - 1" - yl) - cyclopent - 4' - cn - r« - yl] - acetic acid y- lactone in 20 ml. of 
methylene chloride are added 20 mg. of />-toluenesulfonic acid and 2 ml. of freshly 

30 distilled dihydropyran. The reaction mixture is stirred for 15 minutes, at room tern- 30 
perature, a few drops of pyridine are added and diluted with ether. The ethereal 
solution is washed with 100 ml. of 50% aqueous sodium chloride solution and then 
with saturated sodium chloride solution. The organic phase is separated, dried over 
magnesium sulfate and evaporated to dryness under reduced pressure, at approxi- 

35 mately 0°C. The oily residue is purified by thin-layer chromatography using chloro- 35 
form-methanol 9:1 as eluant, to produce the pure [2'a -hydroxy - Vet - tetrahydro- 
pyran -2"' - yloxy - S'fi - (3 "a - tetrahydropyran - 2"' - yl - oxyoct - l"(t) - en - 
1" - yl) - cyclopent - 4' - en - l'« - yl] - acetic acid y - lactone. 

EXAMPLE 8 

40 One gram of [2'« - hydroxy - 3'a - tetrahydropyran - 2'" - yloxy - 5'jff - (3" a - 40 

tetrahydropyran - 2"' - yloxyoct - l"(t) - en - 1" - yl) - cyclopent - 4' - en - V* - 
yl] - acetic acid y - lactone, is dissolved in 20 ml. of anhydrous toluene. The solu- 
tion is cooled to -60°C and to the cold solution is added a solution of 650 mg. of 
diisobutylaluminium hydride in 2.7 ml. of anhydrous toluene, stirring the reaction 

45 mixture for 15 minutes at -60°C. It is then diluted with methanol until the evolu- 45 
tion of gas ceases, the mixture is stirred for 15 minutes further at room temperature 
and diluted with ether. The organic phase is then separated, washed with saturated 
sodium chloride solution, dried over magnesium sulfate and evaporated to dryness at 
about 0°C to produce [2'or - hydroxy - 3'« - tetrahydropyran - 2'" - yloxy - S'jff- 

50 (3"« - tetrahydrop^an - 2'" - yloxyoct - l"(t) - en - 1" - yl) . cyclopent - 4' - en - 50 
I'* - yl] - acetaldehyde y - hemiacetal. 

EXAMPLE 9 

A stirred suspension of 440 mg. of sodium hydride in 5 ml. of anhydrous di- 
methyl sulfoxide is heated to 80°C for half an hour under an argon atmosphere 1 4 

55 Ml. of the resulting solution are added to a solution of 380 mg. of dried 5-triphenyi- 55 
phosphoniopentanoic acid bromide in 0.8 ml. of anhydrous dimethyl sulfoxide; under 
an argon atmosphere and under stirring. The reaction mixture is stirred for rive 
minutes, 150 mg. of [2'« - hydroxy - 3' a - tetrahydropyranyloxy - 5'B - (3" a - tetra- 
hydropyranyloxyoct- l"(t) - en - 1" - yl) - cyclopent - 4' - en - V* - yl] - acetalde- 

60 hyde y - hemiacetal dissolved in 1 ml. of dimethyl sulfoxide is added, and the reao 60 



25 



30 



10 



J! . 1,405,301 14 

tion niixture is stirred at room temperature for 18 hours. The solvent is then evapor- 
^ f prc3SUr %u 3 35°C and the residue is dis- 

^ . ^1^ The products m ™th ethyl acetate: 

5 S5 «£L8»%?i? ^ e aqueou f phase ,s acidified with ■ tuRMd a q ueous ° xalic 

Si n n tn PH \^ eXtra - ted scveTaI ^ with a mixtur c °f Pcnone : diethyl 5 
ether (1 . 1). The combined organic extracts are washed with saturated sodium chloride 

SMn^rT? 111 - s"lfae and evaporated to dryness at a temperature 
SntdSi a1 S^ aiWm « f to™ 1 *™ by t.l.c. using chloroform: methanol 
10 P m£-5^S^^ 

The 5-triphenylphosphoniopenianoic acid bromide used as reagent is prepared 
&55mm Tf ° f 9 - 5 * ? 5 - brom <>P^c acid, 14.4 ?K&5SE 
fSV n ^ii- 0 ?- niL °$ ac *°T dt for about 70 bours - ^ ^ble material is Jepar- 
^ ft filtrauon and the filtrate is concentrated to a small volume The product is 

15 2K£ JKSSSS** 311(1 is ^ purified by mo -^SSSK is 

. . . EXAMPLE 10 

* 'J^,^ 17 * 11 * ° f ? a ". h y dn «y - 10^15« - bis(tetrahydropyranyloxy)- 
20 S; 5 :^ 11 ' 13 -.*■*'- . menoic add > WS ml. of tetrahVdrofuran and 4.5 ml. 

£^2^°? aCCtlC 8 ? d at 40 ° C f « fo« hoi cooled to 0«C and 20 

SE?rfSL5 ^ neS !u Und w^ Ced P ressure i «sidue is purified by tic 

usmg chloroform:methanol (9:1) as eluant, thus yielding the pure 9«,l(W15 a ^£ 

!CftE& 5 . -pas* - — - acid ^ ^ - " 

hourfobSng StTesut ^ ^ iS kCpt " nwm temp " for 18 25 

„ , . « EXAMPLE 11 

vbvl™-; r n -° mg " ° f 9 «". Mroxy - 10«,15a- - bis(tetrahydropyran - 2'- 

olution ol fx m-'^'o V^'V^ add in 10 mL of methanol is added a 
solution of 50 mg. oi oxalic acid in I ml. of water, and the reaction mixture is 
maintained at room temperature for one hour. It is then diluted wfth ™ and 
extracted with methylene chloride. The organic extract is washed w*h Sum cSoS 
nrlT" 3 m''" ™S ne . sium s ^ ™d evaporated to dryness uX reduced 

pressure The oily residue is purified by t.I.c. usmg chlorofonnrmethlnol (9 I) as 
35 eluant, thus ; yielding the pure 9«,10 a ,15 fl! - trihydroxyprosta - 5 - «> 11 13 - tSa . 
tnenoic acid, identical to the obtained in the foregoing Example 

a . • t ,„„ EXAMPLE 12 

vlowWnS'V' •°i°i? 1 a S - £ 9a -M*°*y - HW5« - bis(tetrahydropyran-2'- 
40 f-fti^-' 13 ; <™s-trienoic acid in 4 ml. of purified acetone is cooled 
40 to 10 C and treated under an atmosphere of nitrogen and with stirrin* with 0 IS 
ml of an 8N solution of chromic acid (prepared by mfxing 26 g of SCSoSe 
wiifc 23 ml. of concentrated sulfuric acid and diluting with later to 100 mH The 

SSdSTa^* fM 30 ***** further at " 10 " C > % isopropaiol^e 

then added to destroy the excess reagent, and the mixture diluted with ethyl acetate 

45 The solution is immediately washed three times with sodium chloride solution arild 
over magnesium sulfate and evaporated to dryness under reduced prSS m rive 
9 - oxo - 10a,15,or - bis(tetrahydropyran - 2' - yloxvtorosta - 5 - rl< 1 1 n L„ 
trienoic acid which is purified by EL using chloSSSano (ft) "'St 
. Upon cleavage of the tetrahydropyranyloxy radical with acetic aad-ratottf™ 

50 m accordance with the method of Example 10 there iHbtS <n 

_ . * m EXAMPLE 13 

*? D nH « ->* sas ^ as t oa °. f 50 £• °f diatomaceous earth (dried for 24 hours at 105°O 
55 and 452 g. of chromium trioxide-dipyridine complex in 500 ml «f lu.J ' 

m«hylene chloride, cooled to 0<> to PS are SSfnnder 2riS 5 * 55 
hydroxy -3'«,4'a - diacetoxy - 5'£ - hydroxvmethvlcvclonent 7T & °}j ' 
y-lactone dissolved in 500 ml. of m^TchSrioI tKe" mixture 1" SeVfor 
ten mmutes further, maintaining the temperature at ahZ^n'r- onT i ^ ed t°- r 
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bined filtrates are added 5 g. of sodium carbonate, and the mixture is stirred for 15 
minutes, the solid material is filtered off and washed well with ethyl acetate, the 
combined filtrates are washed with water, dried over magnesium sulfate and evapor- 
ated to dryness in vacuo, at about 0°C to yield (2 hydroxy - l'a - acetoxy - 5'fi - 
5 formylcyclopcnt - 4' - en - 1 '.a - yl) - acetic acid y- lactone as a homogeneous oil. 5 

EXAMPLE 14 

To a prehydrogenated suspension of 300 mg. of 5% palladium charcoal catalyst 
in 20 ml. of dimethoxyethane is added a solution of 500 mg. of (2'a - hydroxy - 
3'a - acetoxy - 5'fi - formylcydopent - 4' - en - l'«-yl) - acetic acid y - lactone, in 

10 40 ml. of dimethoxyethane, and the mixture is stirred under hydrogen atmosphere 10 
until the absorption of hydrogen ceases. The catalyst is then separated by filtration 
and washed well with ethyl acetate. The combine organic filtrates are evaporated to 
dryness, to yield (2'a -hydroxy - Va - acetoxy - 5'fi - formylcydopent - Ta - yl) - 
acetic add 7- lactone, which can be purified by thin-layer chromatography using 

15 benzene-dioxane 90: 10 as gradient. 15 

EXAMPLE 15 

To a suspension of 0.476 g. of sodium hydride (previously washed with pentane, 
under argon) in 112 ml. of dimethoxyethane freshly distilled from lithium aluminum 
hydride is added, under stirring and under an atmosphere of argon, a solution of 

20 3.5 g. of dimethyl 2-oxoheptylphosphonate, prepared as described in Example 3, in 20 
41 ml. of anhydrous dimethoxyethane. The reaction mixture is stirred for 30 minutes 
at room temperature and 1.4 g. of (2'a - hydroxy - Va - acetoxy - 5'fi - formyl- 
cydopent - Va - yl) - acetic acid y - lactone dissolved in 40 ml. of dimethoxyethane 
are added. The reaction mixture is stirred at room temperature for two hours further, 

25 it is then carefully neutralized with acetic acid (to pH 7) and evaporated to dryness 25 
under reduced pressure at a temperature below 30° C. The residue is dissolved in 
methylene chloride and filtered through Celite (Trade Mark), diatomaccous earth. 
The filtrate is evaporated to dryness under reduced pressure, and the residue purified 
by chromatography using an 80x20 cm. silica plate and a methylene chloride-ethyl 

30 acetate (SO: 20) mixture as eluant, to obtain [2'a - hydroxy - 3'a- acetoxy- 5'fi - 30 
(3" - oxo - oct - l"(t) - en - I" - yl) - cyclopent - Va - yl] - acetic acid y - lactone, 
in pure form. 

EXAMPLE 16 

To a stirred solution of 330 mg. of [2'a - hydroxy - Va - acetoxy - 5'fi - (3" - 
35 oxo - oct - l"(t) - en - 1" - yl) - cyclopent - Va - yl] - acetic acid 7 -lactone in 35 
3 ml. of dimethoxyediane freshly distilled from lithium aluminum hydride are added 
0.6 ml. of freshly prepared zinc borohydridc reagent, prepared as described in Ex- 
ample 4, in anhydrous dimethoxyethane. The reaction mixture is stirred for 90 minutes 
at room temperature, and treated with a saturated solution of sodium potassium 
40 tartrate until the evolution of gas ceases. It is then diluted with methylene chloride, 40 
dried over magnesium sulfate and evaporated to dryness under vacuo at a temperature 
below 30°C, to yield [2'a - hydroxy -3'a - acetoxy - 5'fi - (3"a - hydroxyoct - 
l"(t)-en - 1" - yl) - cyclopent -Va - yl] - acetic acid 7 -lactone in mixture with 
the V'fi - hydroxy isomer. 
45 This oily mixture is separated into the individual isomers by t.l.c. using a mix- 45 

ture of methylene chloride-ether (70:30) as eluant. 

EXAMPLE 17 

A solution of 260 mg. of [2'a - hydroxy - Va- acetoxy - 5'fi - (3 "a - hydroxy- 
oct -l"(t) - en - 1" - yl) - cyclopent - Va - yl] - acetic acid 7 -lactone in 3.4 ml. 

50 of methanol is treated with 117 mg. of anhydrous potassium carbonate, and the re- 50 
action mixture stirred for one hour at room temperature. It is then cooled to 0°C 
and neutralized with 10% aqueous hydrochloric acid, until a pH of 2 to 3 is obtained. 
Ethyl acetate is added and the organic solution washed with saturated sodium potas- 
sium tartrate solution, dried over magnesium sulfate and evaporated to dryness under 

55 vacuo, to yield [2'a3'a-dihydroxy - 5'fi - (3"a - hydroxyoct - l"(t) - en - 1" - 55 
yl) - cyclopent - Va - yl] - acetic acid 7 - lactone. 

EXAMPLE 18 

To a solution of 1.65 g. of [2'a,3'a - dihydroxy - 5'fi - (3"a - hydroxyoct - 
l"(t) -en- 1"- yl) - cyclopent - Va - yl] - acetic acid 7 - lactone in 16.5 ml. of 
60 methylene chloride are added 16.5 mg. of p-toluenesulfonic acid, and moisture is 60 



etomted by aaompfc distillation „j th tetrahydtofatao-totatt (Arc- tiiresl Tic 

"f,™ pure l 2 «;hydiox7 - 3'« - tetrahydropyran-2"'-vloxv - v« rt" 
Sd^hE" 2 - 1M » - = " ^ - cydoS- itf y'lfacetic 

* i . £ „ n EXAMPLE 19 

butyMuito hyS S 1 2?ml «? a „f.f° PW 111 a soluti .° n .°f 250 mg. of diiso- 
ture for 30 S2mT -60»C ft h th^fc ^ ^ reaction 

of gas ceases. The mktuie k ^ methanol until the evolution 

dfluted wM Tether SSSfS? 1 ? I 5 mmutes at room temperature and 

chlo"uo?"-d?ed SfiSSSl SSft cashed with ^ted sodium 
0°C to produce [2^ - hydros eva P orated t0 d ^ss at about 

hydropyranyloxyoct - l'W^L 1"" te ^W«^ * 5'j8 - (3"« - tetra- 
y-hemiacetaL 1 « - en - 1 - yl) - cyclopent - l'« - yl] - \ceialdehyde 

* • , . EXAMPLE 20 

hexane aS^al*"^ (Piously ^ ™* 
is heated to S0°C for half an hnnr ° ^Mrous dmiediyl sulfoxide 

resultiug solution ar ada 3 to a soTuuSo Kfr ? 324 m '" ° f th = 
pentanoic acid bromide in 0.4 m ofTnhydrous L " ./-^yjphosphonio- 
atmosphere and under stirrinl tJ™!,- dimethyl sulfoxide, under an argon 

nng. o P f ^'.-hy^-SXSydrS ^-Ig™* JS fiv * ~ 60 
hydropyran - 2"' - yloxvoct- V'(t\ m » >\ y - y " 5 & " C 3 * " tet ^- 
hyde y-hemiacetal £23 in 0 5 "J 'of d^L^ T -i y,] ' accta!de - 

acuon mixture is stirred at mom ' nP L ? yl ^ ,f ° xide 15 a^ed, and the re- 
evaporated under Seed Pressure T* ° f "J 0 " 18 - The solvent is 
is dissolved in 10 mh of wata The neu^ST" bd ° W 35 ° C and ^ 
ether fl • n (4x4 m ^ ThH" u" 1 P roduct s are extracted with ethyl acetate- 

acid solutions pH 2' ana exS?^ f acidificdwi * saturated aqueous oS'c 
(1:1). The coXio^nfc^^rlS^ 3 ° f P^erether 

solution, dried over maSum sS !S T d W J th Sa . turated sodiu - ni c "l°n' d e 
not higher than 20°C SSon of L i^T*? t0 d - tyncss ac a temperature 
9:1 as eluant, affords thl pS^Sr^ chloroform: methanol 

yloxy)prosta-5- c /S-^ dfeoKdf " 10 ^ 15 - b '^trahydropyran - V - 

(9:1) as eluanti thus yeMnT nurTSfo % chloroform -- ™*hanol 
dienoic acid. 8 P e 9 ^ 10a ' 15 ^ trih y d roxyprosta-5-c/r,13-/rff«s- 

Ji^^-^-^a^^ftft- ^trahydropyran - V - 
-:«0°C and treated undeTan aWsnhere of \&£ pn 5 fed . aCet ? M fe ««W »° 
ml. of an 8N solution of chSnKSd ^^p^ed^v^f with 01 

oxide with 23 ml of concentrated «,lfiJ£ 7I^ S 26 8- of chromium tri- 
The L reaction J^^S^^^ d J^§^ water to 100 ml), 
is then added to destroy the excess rea^L^H thf Z-l ^ mL of «»Propanol 
ethyl acetate. The solution is iSST waled Ar^T ^ Y ith 6 raL «f 
solution, dried over magneriumTuK TLd e^^k T*a ^ Sodium ^"ide 
pressu,, to give 9-^,5^5(^1^2 2^^^ 
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05,13 - tnms - dienoic acid, which is purified by tlx. using chloroform-methanol 

(9: 1) as eluant. 

Upon cleavage of the tetrahydropyranyloxy moiety with acetic acid-water (65: 35), 
in accordance with the method of Example 10, there is obtained 9-oxo-10a,15«- 
5 dihydroxyprosta-5-c/s,13-tams-dienoic acid. 5 

EXAMPLE 22 

Fifteen milligrams of 9 - oxo - 10<r,15a - dihydroxyprosta - 5 - as,13 - trans - 
dienoic acid is dissolved in a mixture of 2 ml. of benzene and 3 ml. of acetone con- 
taining 5 mg. of freshly prepared txis^triphenylphosphme)chlororhodium, at room 

10 temperature. The resulting mixture is stirred in a hydrogen atmosphere and aliquots 10 
are removed at periodic intervals. The aliquots are esterified with diazomethane and 
analyzed by gas liquid chromatography to determine whether hydrogenation has been 
completed. When the hydrogenation is determined to be essentially complete (ca. six 
hours) the reaction mixture is applied to 20% wt. silver nitrate impregnated silica 

15 gel (G) preparative plates developing with chloroform : methanol : acetic acid: water in 15 
a 95 : 75 : 1 : 0.6 parts by volume ratio. The zone corresponding to the 9 - oxo - 
10^,15* - dihydroxyprost - 13 - trans - enoic acid is eluted with a 90: 10, by vol., 
ratio mixture of chloroform and methanol yielding pure 9-oxo-10a,15a-dihydroxy- 
prost-13-traws-enoic acid. 

20 Similarly by following the same procedure but respectively using the correspond- 20 

ing 5 -cis olefin prostaglandin derivative as starting materials, the following compounds 
are respectively prepared: 

9or J 10a,15a-trihydroxyprost-13-/:r£r«s-cnoic acid; 
9-oxo-10^ ; 15«-dihydroxyprost-ll 3 13-to/ry-dienoic acid; and 
25 9a,10a,15«-trihydroxyprosta-ll,13-/rfl/iir-dienoic acid. 25 

EXAMPLE 23 

To a solution of 100 mg. of 9«,10ff,15,Q:-trihydroxyprost-5-cw J ll,13-ira«s-trienoic 
acid in 5 ml. of ether is added 1 ml. of an ethereal solution of diazomethane, and the 
reaction mixture is maintained at room temperature for 10 minutes. The solvents 
30 and excess reagent arc eliminated by vacuum distillation and the residue is purified 30 
by tlx. to afford 9a,10or,15a - trihydroxyprosta - 5 - 85,11,13 - trans - trienoic acid 
methyl ester. 

In a similar manner but using diazoethane in place of diazomethane, the ethyl 
ester of 9^,10a,15«-trihydroxyprosta-5-c«,ll,13-fw«s-trienoic acid is obtained. 
35 Likewise 9a,10^,15o - trihydroxyprosta - 5 - c «,1 3 - trans -dienoic acid, 9- 35 

oxo - 10a,15« - dihydroxyprosta - 5 - cis - 11,13 - trans - trienoic acid and 9 - oxo - 
10ar,15a - dihydroxyprosta - 5 - ch 3 l3 - trans - dienoic acid arc converted into the 
corresponding methyl and ethyl esters. 

Similarly the corresponding methyl and ethyl esters of the products of Example 
40 22 are respectively prepared. " 40 

EXAMPLE 24 

A mixture of 100 mg. of 9<*,10«,15« - trihydroxyprosta - 5 - crj,ll,13 - trans- 
trienoic acid, 0.4 ml. of pyridine and 0.8 ml. of acetic anhydride is kept at room tem- 
perature for one hour. The reaction mixture is then evaporated to dryness under 
45 reduced pressure and the residue is dissolved in ethyl acetate, 50 mg. of sodium bi- 45 
sulfate are added and the solution is filtered through diatomaceous earth. The filtrate 
is evaporated to dryness to yield 9.or,10^,15a - triacetoxyprosta - 5 - cc?,ll,13 - trans - 
trienoic acid. 

By the same process but using propionic acid, caproic and 3-cyclopentylpropionic 
50 anhydrides as esterifying agents there are respectively obtained the 9a,10<r,15a - tri- 50 
propionoxy-, 9ct,10flr,15a - tricaproyloxy- and 9«,lQo,15a - tri(3' - cyclopentylpro- 
pionoxy)- derivatives of prosta - 5 - cfs,H>13 - trans - trienoic acid. 

In a similar manner, 9 - oxo - ia*,15a - dihydroxyprosta - 5,11,13 - trienoic 
acid and 9 - oxo - 10or,15a - dihydroxyprosta - 5,13 - dienoic acid and the products 
55 of Example 22 are respectively converted into the corresponding diacetates, dipro- 55 
pionates, dicaproates and di(3-cyclopentylpropionates). 

EXAMPLE 25 

To a solution of 100 mg. of 9 - oxo - 10a,15« - dihydroxyprosta - 5 - ds,ll,13 - 
trans- trienoic acid in 10 ml. of methanol is added 3 ml. of a 0.1N solution of 
60 gpdium hydroxide, and the mixture is stirred at room temperature for one hour. It 60 
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m i oT 13 ^ J dlyneSS under r redu F ed P 1 *^ to give the sodium salt of 9 - 
oxo - 10*,15« - dihydroxyprosta - 5 - ^,11,13 - trans - trienoic acid. 
01N ' «lH?^ g «d molar equi^knts 0 f potassium hyroxide (in the form of a 
5 sa t of 9 2, S"?<° f hydroxide in thc abOTe Procedure, the potassium 

obttuYed " " ' ' dlh >' drox yP r osta - 5 - dr,U,13 - trmis - trienoic acid is 5 

obmSS™^rp and P , 0taSsium sa , lts of ±c other Prostanoic acid derivatives 
omainea m the previous Examples are produced. 

,0 -r , • , EXAMPLE 26 

t , J solution of 100 mg. of 9 - oxo - lQ*,15a - dihydroxyprost - 5 - eis 11 13 - 10 
SE^rr/ 0 ^ J ? ^ 0f ? ethano1 13 added a of 3 mL of coSntoted 

foTZT n ,^ dn f lde 501,111011 311(1 5 mL of mett ^oI. The resulting mSuVeTstirred 
«°» m ^° "V, room tem P«rature and then evaporated to dryness, to yfeldthe 

15 S ™ ^ ° f 9 ■ 0X0 * 10a ' 15a " **9*»lA - 5 - dJEEfoZ ^rxfenSc 

,™J? y - ^Pfoying dimethylamine, diethylamine or dipropylamine in place of 
anmomum hydroxide in the above process, the correspondmglata ofV- oxo - 
' £V SS™*™™* \ 5 • Cis ' 11 ' 1 ? ■ *» - «M obtained. 

20 mte£T!?LTvs* * & JZT <m *' diethylamine and dipropyl- 

sssfstf"-** aJid and the p= o/ sssa?-» 

25 -r , ■ « EXAMPLE 27 

„™ ? v 80 m ° f f ° mg - of 9a > lQ ^ a - trihydroxyorosta - 5 - as 11 13 - 25 

30 9«,10* - isopropyhdenedioxy - 15« - hydroxyprosta - 5 - cCSS Xli - SS2 30 

35 fr hydroxy^ 1 5 " SVhT' ^ .^^^exanonide of 

of SoS trihyioSrostl"-?" cisTn 7? ^J* ?> 10 :?™P*™^ 35 
a,d^^^ 

40 dienoicidd;" iS ° Pr ° Pylidenediox y " 15 « " hydroxyprosta - 5 - cutf - trans - 

diendc'adV ^ ' bUtylidenedi0X y - 15 « " hydroxyprosta - 5 - «s,13 - trans - 
di Jc'Lrand 6 ^ 6 ° f 9aA ° aA5a - ^y^rost - 5 - c«,13 - trans- 
dienokS Jd aCet ° Phen0Dide ° f 9a > 1Qa > l5 « ■ ^ozyprosta - 5 - c/s,13 - trans - 

add/"' 10 " ' ** a * U *°^ - W« - hydroxyprosta - 11,13 - . dienoic 
add> 10flt * ~ " bu * Kdenedi ««y - «- - hydroxyprosta - 11,13 - trans - dienoic 
55 add** 10 * " h *»» B ***V - 15« - hydroxyprosta - 13 - rr^ - enoic 

add> 10a ■ " - h W M ™*°*y - 15* - hydroxyprost - 13 - trans - enoic ^ 

. and the 9,10-cydohexanonides and 9,10-acetophenonides of 9«,10«,15« - trihydroxy- 
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prosta - 11,13 - trans - dienoic acid and 9<*,10a,15cr - trihydroxyprost - 13 - trans • 
enoic acid respectively. 

WHAT WE CLAIM IS: — 
1. A compound having the formula : 



or 





to 



wherein R 1 , R 2 and R 3 each represent hydroxy or esterified or etherified 
hydroxy and R 1 and R 2 are the same or R 1 and R 3 together form the group 

—0 P 

io X c / 10 

/ \ 

-O Q 

wherein P and Q are independently lower alkyl, lower cycloalkyl, lower aryl or 
lower aralkyl, or together with the carbon atom to which they are joined form 
a cyclohexylidene group; 

R 1 is hydrogen or lower alkyl; 
15 Z is a carbon-carbon double bond or a saturated linkage; and 15 

Z' is a as-carbon-carbon double bond or a saturated linkage; 

and pharmaceutical^ acceptable salts of the compounds of formulas A and B wherein 
R d is hydrogen. 

2. A compound of Claim 1 of formula A. 
20 3. 9 - Oxo - 10ar,15« - dihydroxyprosta - 5 - crs,B - trans - dienoic acid and 20 

pharmaceutical^ acceptable salts thereof. 

4. 9 - Oxo - 10a 3 15a - dihydroxyprosta - 13 - trans - enoic acid and pharma- 
ceutical acceptable salts thereof. 

5. 9 - Oxo - 10ttjl5tf - dihydroxyprosta - 5 - ri>,ll,13 - trans - trienoic acid and 

25 pharmacetuically acceptable salts thereof. 25 

6. 9 - Oxo - IQffjlSa - dihydroxyprosta - 11,13 - trans - dienoic acid and 
pharmaceutically acceptable salts thereof. 

7. A compound of Claim 1 of formula B. 

8. 9o>,10a,15<r - Trihydroxyprosta - 5 - ds,ll,13 - trans - trienoic acid and 

30 pharmaceutically acceptable salts thereof. 30 

9. 9a > 10a,15a - Trihydroxyprosta - 11,13 - trans - dienoic acid and pharmaceutic- 
ally acceptable salts thereof. 

10. 9a,10a,15a - Trihydroxyprosta - 5 - crc,13 - trans - dienoic acid and pharma- 
ceutically acceptable salts thereof. 

35 11. 9a,10a,15o - Trihydroxyprost - 13 - trans - enoic acid and pharmaceutically 35 

acceptable salts thereof. 

12. 9^10* - Isopropylidenedioxy - 15a - hydroxyprosta - 5 - cty,ll,13 - trans - 
trienoic acid and pharmaceutically acceptable salts thereof. 

13. 9«,10a - Isopropylidenedioxy - 15* - hydroxyprosta - 5 - «s,13 - trans - 

40 dienoic acid and pharmaceutically acceptable salts thereof. 40 

14. 9a,10a - Isopropylidenedioxy - 15a - hydroxyprosta - 11,13 - trans - 
dienoic acid and pharmaceutically acceptable salts thereof. 



and ^^^^S^S'^£ bydn,XyProSt " " - — - * acid 
16. A process which comprises the steps of: 

a) dectherifying a compound having the formula: 



Ac, 
Ac6 



hydro" ^JVou^ 0 ^ 3Cyl *"* - d <*' * a 

teb£& Cther m ***** yMdh B 4e corresponding compound having 



10 



o ^ 



pondSg assjsai^tt^ of step (a) to yiew the 



corres- 



10 



15 



r-f 



and hydrogenating the carbon-carbon double bond, if present- 



15 



c 




20 



25 




doubfb^oJJ^tS'S 01121 Iabae ^ ^ ^ 2 * « —H"*-! 
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nf rfi? i P ^^ al ^^ d0n com P risiD S a compound according to any one 
of Claims 1 to 15, 17 and 19 and an excipient therefor. 

MEWBURN, ELLIS & CO., 
Chartered Patent Agents, 
70/72 Chancery Lane^ 
London, WC2A IAD. 
Agen ts for the Applicants. 

which copies may be obtained. ' 
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17. A compound according to Claim 1, substantially as exemplified herein 
herein pr0CCSS according to CMm l6 > substantially as described and exemplified 

5 in7I 9 Chim TScSTS 8 t0 ^ U ^ * 2 ^ ^ 
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